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TKniNICAI MKMOItANPl'M 


COST ANALYSIS OF NEW AND RETROFIT HOT-AIR 
TYPE SOLAR ASSISTED HEATING SYSTEMS 

I. INTRODUCTION AND BACKGROUND 


To effuiTivoly (iucide >\heth«.'r or n H to Install solar asiMstud huutlnp; (or 
riHilInK/ systems Into a stnu-ture, It Is ncvessary to trade oft the Initial and 
rei’urrint' costs with projected cost savlii|;s. This analysis Is called an eco- 
nomic analysis or "payback" analysis. It consists of two principal Inputs: 

(a) the procurement, Installation, Integration, and maintenance costs, aiul 

(b) the yearly cost savings. The National Aeronautics and Space Administration 
(NASA) and the I>cpnrtment of Knerky (l>OK) are Installing InstrumenitHi solar 
assisted heatln){ and cooling systems tlmHi^hout the country to help answer some 
of the questions that arise In the difficult technical and economic decisions 
related to the desirability and the liming' of conversion to solar assisted residen- 
tial heating and hot water systems. The operational test sites, which are 
ex|>ucted to yield data that can bo useil to pmject |M)tentlul cost savings, are 
essentially "prototypes" or "ent'IneeriuK models" of later systems of the same 
type which wtnild or could be used oti a widespread basis to pmvide an auxiliary, 
au)':r.unted, or alternate sourx'e of enert;y for homes and commercial buildings. 
Since each o|>ei'ational test site Is essentially a "ono-of-a-kind" Installation, 

its design, construction, installation, and intU(;ratlon costs are higher than 
would be expected in hlnh rale pro<luction. These same types of systems, in 
quantity prtKiucllon, i-ould be expe«-le«l to be considerably less expensive because 
of (a) cost saving's due to quantity buys, (b) employment of mass-pixMluction 
techniques, (c) deslKO Improvements and innovations directed toward lower 
costs, and (d) use of lower cost, newei materials and processes. 

This re|x>rt presents Uie results of a i»-month team effort which employt»d 
personnel of NASA, Uie I'nlverslty of Alabama In Huntsville's (I’All) Knvlron- 
mental and Knorny Center, the American Institute of Architects (AlA), the 
American Society of lleatinn, Hefrlueratlon and Air Conditlonlnj; Knulneers 
(ASIIIl/\K), and selected contractors and consultants. It provides preliminary 
cost estimates for hot-air type systems based on the first t\”o operational test 
sites studied: Huntsville, Alabama, and Carlsbad, Now Mexico. 



I-'i^iro I hIiowh u m’l'ematlo of thu buiiU' tv|>c ui no)nr ((omoMtlc hot wntor 
and heatlnt; ayatom inatulk\l In both o|HM*utlonal teat aitoa. Fl^iro 2 ahowa the 
lluntavllle Home lUiiUiora Aaaoi'iaUon atnioturi' on Triana Houlovarti in llutUaville, 
Alabama (n now atnioture). I’MKiire :i la a retrofit of the anme type of aolar hot 
water ami hoatiiiK avatem in a atruotiiiv owned by the National I’ark Servlee near 
Carlaltad, New Mexleo. 


II. STUDY METHODOLOGY AND DEFINITIONS 


rhe atudy approaeh for analy/in^' the eoata of aolnr aaaiatiHi ayatema 
baaed on NASA, IH)K ot)eratlonal teat altea ia (a) to eolleet aiai analyr.e aetiial 
pixH'urement, inatallation, aiui muintenanee eoata of aeleetiHi ti()erational teat 
aitea; (b) to perform prixtuetitm type eoat eatimatea of Uieae aitea; and (e) to 
identify potential eoat savlnca baaed on a eoat reduetion deait;n atudy. l^iantltiea 
of ayatema aaanmed for the prothietion eoat eatimatea are baaixi on the nationally 
atated Koal of "2. 5 million aolar heated homea by 11)85," and it waa aaaiimed 
tl\at any particular ayatem bein^ atudled would account for -10 peix-ent of that 
market. 


During the coat analyaia proi eaa, it became apparent tJmt definitiona 
were needed to iliatin(>ulah between eoata actually incurred in conatructin); the 
varioua NASA/ DOK operational teal aitea and the eoata which could be expected 
to l>e incurred if an averaKe American homeowner were to inatall the aame 
type of ayatem at aome future date. The fonner eoata include nonrecurring 
eoata encountered during initial design, development, and teatin^;, while the 
latter are meanin^hd eoata that could bo uaixl by a honumwner in the evaluation 
of whether or not a aolar heating ayatem will pa\ for Itaelf in a r'aaonal>le 
perlitd of time. Since the former (l)ivr& K) eoata are availaide aa ai-tuala, it ia 
deairal>lo to uae theae eoata aa a baaia for pntjtvtinK the eventual coat to the 
avei ajic American hoino<iwnor. 

To provide a corr>'latlon between tlie varioua coat catenorlea and to 
Identify apeclflc content of coat eatimatea, it ia lUH'eaaary to preclaely define 
what eoata are Included in each catem)ry. The coat catenorlea exclude the coat 
of the backup, nuxlllary, or atandard heating ayatem. All eoata are In "11)78 
dollara" (no ea(*alation/ Inflation ia includixl). 

C’alejjory I, t'oat of ProtiHype (t'OP), ia ahown in two brenkinita for the 
"new" ayatem: "Actual t'oat" and **ShouId t’oat." The "Ai tual t'oat" la the 
procurement, inatallation, and Inapectlon coat of the prototype ayatem hardware 
as installed in the operational teat site as lurnt aa it can be la<flated from the 


CITY AATER 

I PREHEAT TANK 



Figure 1. Solar assisted heat and domestic hot water system. 




Fij^re 2. Huntsville Home Builders office buildin». 
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a. CARLSBAD SOLAR INSTALLATION, WEST SIDE OF CARLSBAD. NEW MEXICO. RETROFIT 
SOLAR INSTALLATION SHOWING NEWLV CONSTRUCTED 111 SOLAR 
PANEL SUPPORTS. (21 ROOF DUCTING, AND (31 EQUIPMENT ROOM. 



b. CARLSBAD SOLAR INSTALLATION. SOLAR PANEL AND ROOFTOP DUCTWORK. 

Figure 3. Carlsbad, Ne^^' Mexico retrofit installation. 
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d. CARLSBAD SOLAK INSTALL A1 ION, SOUTMWtST VILW SHOWING Ml SOLAR PANELS. 
121 BOOL TOP DUCTING, AND 13) EOUIPNIENT ROOM 


• l> 


I 1^11 IT 


( Coiu liulfd) . 







tuUil DDTfc E coat. Tho "Shi>uld Cost" Is the same procurement, Installation, 
and lns|MK'tlun cost of the protot.v|>e system hardware as Installed In the o|)era- 
tlonal test site with actual costs and extras In the soli r system as stated by the 
bulldlnit contractor and tho heating and cooling cont>:'’tctor. 

Modifications in design to reduce cost (or learning due to high rate 
production) are not Included In these cost numbers. Thu COl* Is merely a 
recorded cost figure of the actual prototy|)e cost exclusive of Instnimentntion, 
design, consultation, architect fc*es, and other nonrecurring cost which would 
be expected to be omittcxi If an Identical system were to be Installed without the 
application of learning or cost Improvement metluxis. 

Category II, Mass Profhu'tlon (*ost ( Ml’C), Is a projected cost of the 
prototype design if subjected to high rates of product'.on/ instnilaiion/utili/.ation, 
but with no luisic design changes made to achieve cost reductions ( i.e. , differ- 
ent materials or mcxiified design of system or structure to permit factorv or 
on-site lalM>r reductions). 

Tho MPC is the cost of the unnuxlified pixjtotype design If produced In 
large quantities. The principal savings that would l>e expected wixild be due to 
(a) quantity-buys of materials, (b) learning of installation crews, and (c) 
luass production of coiu|x>nents. 

Category 111, Mass Prixluction-lmproved Design (MPID), costs are 
defined as the costs In prtxiuctlon of a nuxiified, protiuct-improved, prcxluctlon- 
englneered design. This cost would take into account cost reductions brought 
about by using different materials, construction methcxis, and design techniques 
to produce essentially the same system. Ihis cost would Include, for example, 
the types of innovations derived or disclosed from the current I'Ali/ ASHIIAK/ 

ALA cost reduction study. Thu design and o|)eration of the system would be the 
same as the prototype (operational test site), but cost reductions would be 
brought about l)y Increased quantity ptxxiuctlon/utlll/atlon ns well ns liy design 
Innovations. (Design Innovations are limited to subsystems improvements and 
specifically exclude total system concept changes.) 

Category IV, Average American Home (AAII), is the cost equivalent 
which could be expected to be incurred by the average American homeowner at 
pnxiuctlon/ installation rates expectetl in 1985 if he were to install the type of 
system used in a specific operational test site. This cost includes considerations 
such as: 

a) Deletion of special costa which have been Incurred duo to unconven- 
tional design. 
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b) Utlll/ation In the more conventional type home construction^ 


c) Considuratiun of more optimum conditions such as location, orienta- 
tion, and "do-it-yourself aspects, and Installation by a small general 
contractor. 

d) Sizing of the system for the average size home. Hoduced square 
footage (approximately 1500 ft^ per home) Is assumed by 19H5 because: 

1) Construction costs (nonrecurring costs) continue to Increase 

2) Cost of energy ( recurring costs) continues to rise 

3) Average family sizes are decreasing due to lo^^’er birth rates 
and longer life spans. 

Category V, Innovative Design Concepts (IDC), is Included to define 
reduced costs which may be encountered or made possible by innovative and 
Imaginative design or construction concepts that (a) use the basic home struc- 
ture as part of the col'ector, air transport, or storage systems; (b) employ 
"core modules" that can be mass produced and Installed on site prior to con- 
struction of the homo; and (c) roly upon auxiliary units Installed externally to 
an existing or now home. Examples of those concepts are shown In Figures 4, 

5, and 6, respectively. 

Those low cost design concepts were derived during the course of the 
study. Each of these concepts promises some Improvement ( reduction) In 
initial procurement and Installation costs for a high utilization rate solar 
market, ihese three concepts are described In the following paragraphs. 


A. Plenum Wall/ Roof Concept 

The plenum wall/ roof concept was conceived and Is being developed 
further by Sizemore and Associates, Architects, In Atlanta, Georgia, under 
overall cognizance of the American Institute of Architects. It involves the use 
of the basic homo framing structure for transmitting and distributing the heated 
air. The roof framing ( rafters) forms a plenum for holding the glass collector 
panels and for returning solar heated air to similarly constructed wall plenum 
chambers which replace the conventional ductwork needed In a hot-air type solar 
assisted system. Manifolding Is completely eliminated since it Is an Integral 
part of the framing structure, and heat Is transmitted at the periphery of the 
building where it can be effectively used for radiation heating or vented into 
selected rooms. The basic concept, along with some of its advantages and 
featui es, is shown in Figure 4. 
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Fisure-4. Plenum wall/ roof concept 
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Figure 4, ( Continued) 
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B. Integrated Core Module Concept 

The Integrated core miHiule coiici^it wuh Muyd Krunert, 

Architect, In lluntavllle, AInhanin. It provldea deal^n economlea of a stand- 
ai*dl7.ed, preiKtckaged unit that can he uMiHl for a wide variety of home atnicture 
dctfiKna, and It employ a only one air handler and one hot water tank veraua two 
of each In the protottpe dealf;n. A aimpllfled contn>l ayatem and control Ionic 
permita the uae of fin\er dampera and fewer controla Uirounh the uae of coupknl 
dampera. Thia unit could t>e preaaaembU*d ( prefahricati'd) or mnaa-priHlucMl 
at hinh ptxH:..ctlon ratea and trana|HirtiHl (mlnua heat atorane bed rocka and 
collector niaaa) to the Inatallatlon alte for final aaaemhiy. The concept and 
Ita haalc featiirea are ahown In KInure ft. 

C. External "Free-Standing" Prepackaged Module 

While the plenutn wall riK»f suid the lnteni'aU*d con* modulo concepta arc 
moat auitablo for new conatnietlon, tlie extei*niil ’*full-atandinn" prt'paekanod 
module la adaptable for retr«>flt ap|>lleationa becauae It can be located in an 
optimum poaltlon and direction next to an exiatinn atructure. Althounh thIa unit 
la expected to coat alinhtly more than the prevloualy menttoiuxl two concepta, 
due to the nei*d for exterior i-onnectlnn ductwork and Intenral framinn. It la 
capable of beinn maaa-pnHluc(*d or pi cfabrlcatixl aa a unit and shipped (mlnua 
riH-ka and (;laas) to a site aa a unit. The concept la shown in Figure (i. 

I'atenory VI, Other Future l)eal};n Ketmomlea (OFDK), not coatixl In 
thia report, are deal^n factors that cannot bo quantified now becauae of the 
lar^e number of unknown variables involveil. Typb al future deslj*n ei*onomlea 
are; 

a) More efficient collector dealgn. 

b) Fso of fewer collectors and i^wer capacity syatoma at some sacrifice 
In comfort. 

c) I’se of refloctors and/or retlectlvo aurfacea In conjunction with 
standard collectors which could jeojlt in a to r»0 percent Improvement In 
efficiencies. 

d) Heslgn and Inatallatlon of solar ayatema In zones or Increments, 
maklnn the ayatem acquisition coals more attractive to the averane American 
homeowner. 
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«. SCHEMATIC OF PROPOSED STANDARD CORE PACKAGE SOLAR SYSTEM. 


5. Stamlard "roro imv.iulo'* m»lar avsloin. 


i:i 


SUMMER SUN 
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SOLAR COLLECTORS LOCATED AT 
CORRECT ANCLE FOR BOTH SUMMER 
AND WINTER SUN 




WINDOWS DESIRABLE IN 
SOME AREAS FOR ADMISSION 
OF NORTH LIGHT 


rv 


WINTER SUN 



ROOF overhang FOR 
PROTECTION AGAINST^ 
HARSH SUMMER SUN 
YET LOCATED TO 
ALLOW HEAT GAIN 
FROM WINTER SUN 


dual glazed 

SOUTH WINDOW 
WALL'FOP DIRECT 
PASSIVE SOtAQ^ 
HEAT GAIN 




CEILING NECESSARY 
IN SOME AREAS 

MIN OPENINGS ON 

north side for 

PROTECTION FROM 
HARSH WINTER WINDS ■ 


TYPICAL CROSS SECTION 


b. LOWCOST SOLAR HOME DESIGN USING CORE MODULE CONCEPT NO. 1. 


Figure 5. (Continued). 








c. LOW COST SOLAR HOME DESIGN USING CORE MODULE CONCEPT NO. 1A. 

in 


Fl;?ure 5. (Continued) 
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NALL FUR rASSIVE SOLAR 



d. LOW COST SOLAR HOME DESIGN USING CORE MODULE CONCEPT NO. IB. 


Flcure 5. (Concluded) 
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HEATINU AND HOT MATER 
tINULC EAMILV RESIDENCE 



HOT WATER 

SMALL COMMUNITY CLUSTER 



HOT WATER 
MOBILE HOME 


a. RESIDENTIAL AND COMMUNITY APPLICATIONS. 


Kljiure (*, Krci'-stanHlnn; auxiUary mo<lulo. 
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HOT WATER 

AUTOMOBILE WASHING FACILITY 




HOT WATER HEATING DRYING 
AUTOMATIC LAUNDRY FACILITY 

b. FREE STANDING AUXILIARY MODULE 
I’lKure (>, ( Concluded) . 

CatORory VII, MarkotliiR Innovations, Tax Benefits, and Soelo-Keonomic 
Considerations, also not included in this re|H>rt, includes (a) possible inarketinR 
arranRoments such as shipment of components and systems directly from the 
manufacturInR plant to reduce '’middleman” costs, (b) reduction in effective cost 
of solar auRinonted systems due to potential leRislated direct tax write-offs or 
tax benefits authorized to oncouraRe the use of solar auRmonted heatliiR, and 
(c) cost reductions or cost avoidances which result from overall incentives to 
reduce consumption of conventional fuels or enerRy sources. 


III. SUMMARY COST ESTIMATES 


The "top level" summarized cost estimates derived in this study include 
a 20 percent markup for contractor overhead and pixifit and 10 percent markup 
for architect fee. Those estimates, based on definitions contained in this report, 
are as follows: 
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Cost Definitions 

Costs 

(Coats in 1978 Dollars) 

New System (AL) 

Hetroflt (NM) 

L Cost of Protot>po 
"Actual Cost" 

$ 29 935 

$41 245 

"Should Cost" 

34 009 

- 

11. Mass Production Costs 

23 (>r>0 

2 8 544 

111. Mass Production-Improved Design 

18 475 

2t» 307 

1\’. Average American Homo 

14 381 

21 080 

V. Future Innovative Concepts 

11 180 

14 093 


Tables I and 2 provide a breakout by Work nreakdown Sti*uctiire (WItS) 
olonient of the costs under emh definition. A general discussion of tliese costs 
and an item-by-itom description of the overall rationale ^and references) used 
in deriving; the costs foliows. 


A. General Discussion 

As iniKht bo expei teti, the costs estimated to retrofit a hot-air t\po 
residential solar heating and hot water system arc somewhat higher than the 
costs to integrate a similar system into a new stnicture. 

Although tliere is some disagreement among contractors on this point, 
the two example operational test sites l)car out the conclusion that retrofit costa 
are higher for hot-air t\pe system even when a more "ideal” t>pe home with a 
ready-made basement and pitched roof facing soutli are assumeii. (The point of 
disagreement lies in the statement by some heating and cooling contractors that 
time-phasing their work with new construction is more expensive than com- 
pleting a retrofit job "all-ai-one-time,") The cost estimates in this study also 
indicate that less is to bo gained, percentage wise, when steps are taken to 
mass produce, simplify, or use "innovative concepts" for retrofit applications. 


B. Rationale and References 

% 

1. Cost of Prototype. 

a. "Actual Cost" (for "New" System). The cost estimate for the pro- 
totype now system ( IBM System L\) installed in the Huntsville, Alabama, site 
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TABLE 1. SINGLE-FAMILY NEW, ACTIV'E HOT-AIR-TYPE SOLAR 
HEATING SYSTEM COSTS* (IN 1978 DOLLARS) 


WBS 

No, 


2200 Home 

1500 fr Home | 

Title 

Cost of Prototype 

Uass 

Production 
Cost (S) 

Uaas Producuon 
lmpro%^ 
Design Coat ( $ ) 

A«era«e 
American 
Home Cost ( S ) 

s 

1 

3 

Actual 
Cost ( S ) 

Should 
Cost ( $ ) 

Wall. Roof 
Concept Cost ( S ) 

1.0 

Solar Heatlofi and Cooling Sjstem 

22 224 

25 764 

17 917 

13 996 

10 1*93 

8 470 

1.1 

Collector Subsvsteiii 

12 919 

14 163 

10 727 

8 428 

5 788 

I 584 

1.1.1 

Collector 

6 420 

6 420 

4 349 

3 .100 

2 188 

580 

1.1.2 

Installation and Flashing 

1 xa 

1 763 

875 

725 

1 004 

1 004 

1.1.3 

Manifoid and Dia''t Work 

5 161 

5 9a0 

5 503 

4 403 

2 596 

- 

1.1.4 

Duel Work Insulation 

- 

• 

- 

- 

- 

- 

1.2 

Air T ransport Subsi stem 

1 3Cj 

1 36o 

1 113 

1 115 

575 

575 

1.2.1 

B!o»er 

456 

456 

325 

325 

253 

253 

1.2.2 

Dampers 

S49 

549 

.391 

391 

130 

130 

1.2.3 

Cabinet 

2m 

255 

192 

192 

55 

55 

1.2.4 

Assembh and Insulation 

305 

305 

217 

217 

137 

137 

1. J 

Storage Subsvaten; 

2 ib4 

3 0:i5 

2 131 

1 406 

715 

715 

1.-.1 

Ro( k Bed Structure 

1 425 

1 977 

1 330 

911 

312 

42 

1. 1.2 

Rocks 

569 

569 

269 

269 

74 

74 

1....3 

Uuita and Plenum 

178 

179 

123 

100 

200 

200 

1....4 

Insulation 

;.12 

411 

378 

226 

129 

129 

1.4 

lk>;uestic Hot Water subsystem 

1 6o4 

1 654 

1 255 

1 255 

1 655 

632 

1.4.1 

Heat Exchanger 

103 

103 

54 

54 

103 

125 

1.4.2 

Pump 

94 

94 

49 

49 

94 

94 

1.4.3 

Pr^eat Tank 

100 

100 

53 

53 

100 

100 

1.4.4 

Relief Valve 

15 

15 

9 

9 

15 

15 

1.4.S 

Assembly and Integration 

I 342 

1 342 

1 090 

1 090 

1 343 

188 

1,3 

Control Subs^ stem 

767 

954 

293 

268 

389 

309 

1.3.1 

Controller 

279 

368 

169 

168 

279 

279 

i 1.1.2 

Control Interface Unit 

310 

408 

- 

- 

- 

- 

! 1.1.3 

Ccmtrol Sensors 

179 

17» 

125 

125 

lie 

110 

; l.s 

Overall Integration 

2 835 

4 393 

2 396 

1 324 

I 773 


1 1.0.1 

Mechanical Room Work 

1 004 

1 556 

849 

540 

545 

545 

; 1.6.2 

Interconnect Duct Work 

495 

752 

410 

260 

233 

9n0 

1.6.3 

Insulation 

r.50 

432 

465 

296 

•30* 

2 »l.i 

1.6.4 

Control Intejtratlon 

796 

1 23.1 

672 

42S 

487 

23*. 


Subtotal Cost 

22 224 

25 764 

17 917 

13 996 

10 X95 

8 479 


Contractor O/ H and Profit (201 ) 

4 444 

5 153 

3 563 

2 799 

2 179 

I 694 


Architect Fee ( Iff. ) 

2 GbT 

3 092 

2 1.30 

I 680 

I 307 

I 016 


Total Coat 

29 335 

34 009 

23 650 

18 475 

14 381 

11 180 



a. Based on Se» Constructioa — Estimatinf; Baals: lluntsviUj Horae Builders Structure oa Tnasa Boule\'ard, Huatarille, 
Alaban.a, 

















TABLE 2. SINGLE-FAMILY HETROFIT, ACTIVE IIOT-AIR-TYPE 
SOIj\R heating system costs® (IN 1978 DOLIJVRS) 
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|»ruU 4 «im ( 1 ) 
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kUaa rrodiN^ 
lat|*rov «0 
lloa 4 «a i‘u«l ( f ) 

■1 t*t 

II «24 

■WRMIII 
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J Ilk 


1 o.<« 
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aaa 

tao 
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124 

1 4 « 

1 k.ll 

.* 102 
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1 4*1 

I.M 

•* 0 M 

l «4 
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144 

14 a 

2 IA 

412 

4 If 

2 1 »4 

2 I V 4 

1 ai 2 

101 

101 

10 ^ 

01 

04 

04 

lOU 

100 

100 

li 

n 

II 

1 112 

i 142 
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includes the purchase cost of major items and installation cost as shown in IBM 
Report SIMS-77-0S06» dated August 9t 1977* The collectors and differential 
thermostat which were GFE* d by MSFC have been priced at their cost and 
included in the estimate* 

b. **Should Cost.'* This estimate is for the same E^rstem previously 
described* Cost, overruns and extras which were iiicurred by the builder and 
heating and cooling contractor were not charged to the project but are included 
in the "Should Cost*" 

The cost estimate for the retrofit system prototype installed at Carlsbad, 
New Mexico, is based on a preliminary estimate of that site by James A. Evans, 
Consulting Engineers of Birmingham, Alabama, in a report dated February 18, 
1977, entitled "Feasibilliy Report on Solar Energy .Projects using IBM SIMS 
Prototype S|ystem I*" Actual cost dataware requested from the site manager, 
but has not been received as of the publlr^ation date of this repo.rt due to litigation 
and cost settlement of the flnal contract* 

2. MPC * "Grounds«^p" cost estimates for a solar installation of th& 
same size as the prototype ( Category n) were developed assuming large produc- 
tion quantities* This mass production assumption is based on wide acceptance 
of solar energy as a means of space heating and providing domestic hot water* 

Some items in this estimate were considered to already be in mass 
production ( all items but the collector) and do not reflect a reduction in cost 
throughout this exercise* 

The mass production cost estimate was developed using the standardized 
WBS and is shown in cO£it analysis reports dated S^tember 30, 1977, and 
March 1, 1978, for the new (Huntsville) and retrofit ( Carlsbad) installations, 
respectively* 

3* MPID Costs* These costs were based on minor design or construc- 
tion improvements thought possible by the UAH/ASHRAE/ AIA team that was 
employed to identify potential cost savings* The rationale for Category M costs 
indicated for the nOw (Huntsville) system are described as follows; 

WBS 

1. 1 Collector panels with inlet and outlet manifolds Integrated into the 

collector will increase cost of collectors by approximately 25 percent* 

However, the manifold and duct work will be reduced by approximately 

26 percent, resulting in savings for the collector subsystem* 
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1.2 MovInK tho heat pump Inckxir unit out of th^ liy-paaa duct and Into the 
au|)|>ly air duct ollmlnatea the need for tho Internal liy-ttaaa and tao of 
tho dam|>ers Inalde the aolar air luindllnK unit. Thia move alll reduce 
the coat of the damp 'ra and the cabinet. 

1.3 IxtadltiK the |»ebble bed could be Improved and made leaa oxpenahe by 
aaahlni; the roi ka at the qtiarry In pilea and loading Into a preaaahed 
cement truck from t'-e tof) half of the aaahed pile and loadInK pehtde bed 
fnim the truck. ThIa cllmlnatea liand limdlnt; which alll reduce coat of 
tho |iebble btd. 

1.4 No potential aavlnt;a *•. I • on. 

1.3 If thia ayatem were to Ih* maaa produced, the noi'caaary c'ontrola could 
Im> aimpllfled and would require much loaa field labor. Tho need for 
the IllM aupplled Interface control unit could be eliminated, thereby 
roduclitK the coat of the control aubayatem and In overall ayatem 
IntOK ration. 

1.6 ChanKlnK tho cuatom metal duct work, wrapped with 5 In. of external 
Inaulatlon, to prolnai lated rl^ld round flbentlaba or duct board would 
reault In an addItIC'i-nl cost saving's. 

A similar ratloimle was used for me retrofit (Carlsbad) system; how- 
ever, as can l>o seen from the estimate, not as much Improvement is expoctiHl 
from the Improved desl;tn fe.ttures in a retrofit system ns In a new system. 

4. AAH Costs . The rationale for the cost estimate for a new hot-air 
ty|)e ayatem for an avei*aK;e American home based on the ty|ie of system matalled 
in the Huntsville stnicture Is listed in the following WUS. 

AssumInK the avorajro American home will Im? rechiced In sl/.e to approxi- 
mately 1300 ft^, some items of the solar system will l>e reduced since the 
prototyiMJ was 2200 ft^, 

WHS 


1.1 To reduce tho collector square foot area based on reduced size of homo, 
calculate as follows: 


1 300 
2200 


08 percent of Category I\’ estimate 
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1.2 The air transport subsystem would not rodure at the same iste slm e 
blower, dam|)ors, ( sblnets, and assembly would l>e required reKSiYlless 
of size of collector area. However, some savintts can be expected In 
i*educed size of this equipment when the home size is reduced. It has 
l>een estimated that this savintis would Im approximately 21 iiercent. 

1.3 The storsKe subsystem would require less area for the roi'k betl stric- 
ture and the number of tons of rocks required would also be less for 
this reduced size home. It has been estimated tliat the reduction would 
1)0 approximately 21 |)erccnt. 

1.4 The domestic hot water subsystem is not expected to reduce significantly 
In installation cost. Althmitth the family size is docllnini; and hot water 
consumption is reduced, certain installation cost such as plumbing;. 
Insulation, wiring, etc., are requiroo fur any size system. 

1.5 The control subsystem (already reduced by mass production) would not 
l)e expected to show a cost saviiiKS In the smaller home. 

1.0 Overall Integration could bo ex|)ected to reflect a slight reduction due to 
the smaller pebble bed and its insulation, reduced size of ducts, and 
simpler irtr.rconnecting duct work. It has boon estimated that approxi- 
mately 5 percent cost savings lould bo realized. 

The rationale for the retrofit system is similar. The principal savings 
in the retrofit system are brought about by the assumptions that (u) the average 
American homo to bo retrofitted w'ill already have a basement or other suitable 
location for a |>oi)blo bed and equipment to be installed, and (b) the average 
American home to l>e retrofitted for solar energy will already have at least one 
sloping roof facing approximately south on which solar collector panels can l>o 
placed, lienee, the need to l>uild an extra equipment room and a special roof 
support structure is eliminated. Also, some economics are assumed l>y using 
a more direct routing of collectors to storage to load ducts. 

5. IDC Costs. Two distinctly different concepts were assuiiicd under 
this cost category, one for the now construction category and one for the 
retrofit category. The new category assumed a plenum wall/ roof concept. 

The cost estimate for the plenum wall/ roof concept is based on a con- 
ceptual design made by Sizemore & Associates of Atlanta, Georgia, The design 
is for a l.')00 ft* residence which has l)een assumed to bo an average American 
homo. 
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Those I'osts have i>oon dlstrllnitod to thu standardl/.ud Wl)8 as used In other 
cati'Kories of this exen lse. 

Some items In this estimate were i'onsi<iered to already l>e In mass 
pi'cHiui’tlon and do not reflect a rcthu-tion in (‘ost. 

The collector sulis>stem ^\as reduced approximately 70 ftercunt due to 
a decrease in l ollector square f(K>t area and tite elimination of manifold and 
duct woi.. usini; the plenum wall/r(M)f concept for (hictlnK. 

Thu domestic hot water subsystem was reduced approximatuly HO |)urcent 
primarily In the assembly and inte^tration of the system. 

Overall integration was increased by U|H>i'oximatuly HO |>urcent. The 
major increase was in the insulation of the walls and rixif area since these 
areas are used for plenum and ductini;. Also, special storm wimiows are 
required on windows of the North and StHith walls since these double Kla/.e<l 
windows are used as ductlni;. A set of sketches of Uie plenum wall/ roof con- 
cept are shown in l''ii;urus 4 , An alternate low -cost approach, an intei'rated 
core-nuxiulc concept, is shown In Kii^res 5. 

The retrofit future innovative concept is based on a "fruo-standint; liot-air 
nuxiule" (similar to an HIM "i-A" system module) Illustrated In concept by 
Figure H. AithouKh a detailed cost estimate has not been completed by IlfM, 
the ('ost Analysis Office devebvpcd a preliminary estimate which is ^iven in this 
report. Additional economies are anticipated if mass-utili/ation is achieved for 
iiuhistrial and commercial uses. 

A similar l(quid-t>’]>e solar heating nuxiuie concq)t is descrii>ed in FAIi* s 
Kenneth E. Johnson Knvironmenlal and Kneri;y Center rqiort entitled "Solar 
l*catin|{ Modulo I’m^ram" liated Novemluir, 1977. 

IV. COMIV'.ENTARY ON THE NEED FOR A SYSTEMS 
ENGINEERING AND INTEGRATION APPROACH 


A very clear and stroni; indication in the UAll ro|x>rt and In the NASA 
study was that there is a need for a systems onijIneeiinK and integration approach 
In Uie adaptation of solar energy to a residence. Hather than considering the 
solar equipment or system as a separate entity, it must be considered as an 
integral part of the home, with the pro|)er interfaces, intei'actions, and possible 



(loHtKn iiiwi couBt ruction oconoinluH coitBltlcrtnl. TIiIh could Ih« nccompIlBhcd 
by curcfid ciK)i’illniitlon ttf nrchlloclurul planri aiul cni;lnutM'lnK (IrawIn^B tti 
Blinpllfy duct work, piping, cttntrolB, wiring, utc., and intogratlng the heat 
|Himp with thu Bolar ByHtuin. Another econo nic conBlderatlon l« that the 
syatein. If inaBM priNhiced, conid he mipplleil by one ettiupany In a total package. 


V. CONCi.USIONS AND RECOMMENDATIONS 


The concluBlons of thiH report are ad follow’d: 

a) Analydid of the two hot-air dvdtemd liidtallatlond Indicated that the 
addition «>f an alr-tv|>e dolar heating aiul hot water dvdtem to a redidenllal dl/e 
dtructure addd from $ ti. :U> to $ H, 1*1 per d(|uare f(H>t to the Initial ci>hI of a new 
redidence (bndi*t1 on madd-productU>n/ utlll/.allon). 

b) Significant davlngd can be achieved through attention to dedign detail, 
ude of local mnterlald, and thonnigh ciMM'iilnatlon of ari-hltectural plana with 
heating and cooling dystem dealgn. 

c) The udo of nn overall dVdtemd engineering and integration approach 
would dlgniflcai'tly decj-eade coal and Improve avatem effet-llveneda. 

The principal rec<»mmeiulalb>n of thla re|K>rt la that coata be rediu ed fi*r 
ftiture ayatoms bv: 

a) I'se of locally available materiala whcrevei* iHtaaible. 

b) KiHluction of on-aite labor and natallation coata through fai-torv 
manufacttire and aaaembly of aolar healing ayatema. 

c) Careful and metlculoua ciKU'illnation of the 'nitiding deaign with the 
aolar heating aystem configuration and conat ruction. 


VI. ADDITIONAL ANALYSIS AivD STUDY REQUIREMENTS 


Since thla coat analyaia and coat reduetbm improvement aaaeaament haa 
been accompliahed on two of thu earileat operational teat aitea, the findiitga and 
concluaiona are neceaaarily prultminary in na*ure. Aa analyaia of aubaequent 



test sites proceeds, the techniques and methods of analysis are expected to 
Improve and more Information will become available on the types of hot-air 
solar augmented heating systems Installed In the first two sites. Additional and 
continuing study of the data presented herein will Ik I'equlred, and these data 
will be supplemented by the acbial maintenance and operations cost data required 
to make tiie total "payback** or economic analysis complete. The following 
studies should be accomplished to achieve these end objectives: 

a) Update of the estimates based on emerging subsystem configuration 
for hot-air solar assisted systems. 

b) Incorporation of additional design, production, assembly. Installation, 
or operational economies not addressed In this study. 

c) Feedback of actual performance, maintenance, and operational data 
Into the design of the hot-air type augmented heating and hot water system. 

As other sites ara analyzed, the data will be compiled to produce a 
data base that will allow the development of estimating relationships or factors 
that will take Into account geographical, weather, solar Insolation, and con- 
struction coat differences In the various locations to be considered. 
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